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Abstract 
Click Stress Corrosion Cracking (SCC) is an environmentally well-known as a failure caused by exposure to a corroding 
while under a sustained tensile stress. SCC is most often rapid, unpredictable. Failure can occur in a short time as a few 
hours or take years and decades to happen. Most alloys are liable to SCC in one or more environments requiring careful 
consideration of alloy type in component design. In aqueous chloride environments austenitic stainless steels and many 
nickel based alloys are common to perform poorly. Stress corrosion cracking (SCC) of austenitic stainless steels of types 
316 was investigated as a function of applied stress at room temperature in sodium chloride solutions using a constant load 
method. The experiment uses a spring loaded fixture type and is based on ASTM G49 for experiment method, and E292 for 
geometry of notched specimen. The stress dependence of fracture appearance and parameters of time to cracking, and 
cracking growth. The results are explained in terms of comparison between the two concentrations of sodium chloride 
solutions. 
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1. Introduction 
Stainless steel is often perceived as the backbone of modern industry [1]. Stainless steel has achieved extensive 
applications in a wide range of industries and has been employed as a reliable substitute for carbon steel in corrosive 
environments ever since [2]. Stainless steel was generally attributed as being an expensive, high-technology alloy [1]. As 
material manufacturing and fabrication technology advanced, large-scale production of stainless steel components occurred. 
This made stainless steel more cost-effective and affordable [3].  
All of these aforementioned factors, including cost of corrosion, economical feasibility, and the desire to operate in more 
severe environments, have encouraged the wide-spread use of stainless steel.  
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The touchstone element accountable for the statelessness is chromium. At least 12 wt% of chromium is necessary to 
make steel eligible to be classified as "stainless steel" [4]. Of all types of stainless steel, austenitic stainless steel (300 series) 
is regarded as the most important group [5]. Austenitic stainless steel is highly corrosion resistant in many varied corrosion 
conditions without the need for additional protective measures. It has excellent work-hardening characteristic and excellent 
mechanical ductility, which makes it suitable for many manufacturing processes [5,6] and is not vulnerable to brittle fracture 
in classical applications [7]. The use of Austenitic stainless steel is highly diversified and it is frequently used in demanding 
applications such as steam power plants, chemical plants, petrochemical facilities, nuclear applications, pulp and paper 
industries, fossil fuel electric power plants, gas turbines, jet propulsion units, heat exchanges, surface piping, vessel 
cladding, and miscellaneous components in equipment used for various purposes [3,8,9].  
Austenitic stainless steels are widely used for construction of nuclear power and chemical plant components and in 
marine construction due to the combination of mechanical properties, fabric-ability, weld-ability and corrosion resistance.  
Stress Corrosion Cracking (SCC) is a form of failure of material having specific characteristics. This is a represent able 
cause of dominant damage at one particular component or material structure, so that it is reckoned in design at a 
construction industry. Stress Corrosion Cracking behaviour in austenitic stainless steels in solution has been extensively 
investigated using a constant load method.  
Wen-Ta Tsai reported that the material 2205 duplex stainless steel is immune to Stress Corrosion Cracking in near 
neutral NaCl solution at concentrations up to 26 wt% in the temperature range from 25ºC to 908ºC. Pitting corrosion has 
assisted the initiation and the elective dissolution was involved in the propagation of Stress Corrosion Cracking in 
concentrated NaCl solution at 908 ºC [10].  
G.F. Li and J. Congleton reported that the contamination of the water with SO2ÿ4 has increased the Stress Corrosion 
Cracking susceptibility of the weld by both decreasing the minimum potential for cracking and by increasing crack growth 
rate at the same potential [11].  
R. Nishimura et al. reported that the relationships between applied stress and the three parameters were divided into three 
regions that are dominated by either stress corrosion cracking or corrosion. Sulphate ions were found to become more 
aggressive than chloride ions for the Stress Corrosion Cracking susceptibility of the specimens with the most severe 
sensitization [12]. Thus, Stress Corrosion Cracking on austenitic steel in chloride solution with various concentration of 
chloride at room temperature has not been clarified completely. 
2. Paper aims 
The mainly aim of this paper is to identify Stress Corrosion Cracking of 316 austenitic stainless steels in sodium chloride 
solutions (3.5wt% & 9.35wt%) at room temperature under constant stress including: 
 To investigate the stages of Stress Corrosion Cracking behaviour related to austenitic stainless steels. 
 To identify requirement for the experimental part in this research. 
 To setup the necessary equipment for the experimental part. 
 To make analysis of Stress Corrosion Cracking of austenitic stainless steels in two different concentrations of NaCl. 
 To gather data for time-to-crack nucleation and time-to-fracture of specimen such as weight lost, crack growth and length. 
3. Scope of study 
This research will apply 
Sodium Chloride Solutions (3.5wt% & 9.35wt%) approximately equal to NaCl concentration in sea water and Sabkha (salt-
flat) . 
4. Experimental Procedure 
The all series of experiments was conducted using new specimens of 316 Austenitic stainless steel types that were newly 
ordered during the time of the experiment. The materials and specimens used for the constant load test are explained in this 
section. The parameters used in the design and setup of the experiment were obtained from reviews of several similar Stress 
Corrosion Cracking tests available from the American Society for Testing and Materials (ASTM), National Association of 
Corrosion Engineers (NACE), and similar tests conducted by other researchers. 
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4.1. Materials and Specimen  
The experiment utilized type 316 austenitic stainless steel material ordered at the time of this program. Specimens 
austenitic stainless steel with a thickness of 3.2mm were used. The yield and ultimate strengths of the material are 
summarized in Table I. Most constant load Stress Corrosion Cracking tests were conducted at a stress level of 0.9 yield. The 
chemical composition for this material is as listed in Table II. 
Table 1 Mechanical properties of 316 austentic 
Materials Yield strength 0.2% 
offset MPa 
Ultimate Tensile 
Strength MPa 
SS316 205 515 
Table 2 Chemical Properties of 316 Austentic stainless steel 
Materials  C  Mn  Cr  Ni  Mo  
SS316  0.081  1.23  15.31  8.975  0.042  
 
For the purpose of this experiment, smooth and notched specimens were used. Notched and standard specimens are 
beneficial because of size also which easy to conduct the dimensions changes, and ultimate failure of the specimen is more 
probable than for larger specimens. In addition, shorter failure time generally results with notched standard specimens 
compared to sub-sized specimens. The basic geometry and dimensions of the tension specimens are shown in Fig. I. 
 
 
 
 
 
Fig. 1. The basic geometry of the 316 Austenitic Stainless Steel specimen. 
4.2. Test Solution  
Austenitic stainless steel has a tendency to crack at stress points when exposed to certain corrosive environments, such as 
those involving chloride ions. Chloride ions can concentrate at stress locations and catalyze the formation of a crack. In this 
test, 3.5wt% & 9.35wt% NaCl solutions were used. The test solution was prepared by dissolving some of NaCl in sufficient 
amount of tap water to make about ten liters of test solution. 
NaCl solution was used in this of other type of chloride solutions as NaCl is everywhere such as sea water and Sabkha 
(salt-flat). The use of a higher concentration solution to produce cracks in a laboratory environment comparable to those in 
accelerated tests was not preferred in this test program. Two different percentages NaCl solutions were used as it is a 
reasonable intensity and falls within the range of most actual service condition. It is where Austenitic stainless steel is 
susceptible to pitting and Stress Corrosion Cracking at the room temperature or elevated temperature. 
5. Result and Discussion 
Stress Corrosion Cracking cracks were not achievable in the constant load Stress Corrosion Cracking tests performed for 
all 316 Austenitic Stainless Steel specimens at time of 404 hours. When the tests were setup and eventually commenced, 
though it was not totally expected, difficulties in reproducing cracks were not a surprise when actually confronted. The test 
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of the all types in first stage (404 hrs) has demonstrated that the materials were quite resistant to surface attack and indicated
that this material was highly corrosion resistant as in Fig. II & III. It is this material that was used in the experiment. Longer 
time recommended in other research studies.
As previously commented, more than one reason could have led to the unsuccessful production of cracks at first 
stage, and many may have worked cooperatively. The following paragraphs discuss possible explanation of the results
obtained.
Fig. 2. Crack Growth of 316 Austenitic Stainless Steel in 3.5wt% & 9.35wt% NaCl solutions
Fig. 3. Crack on the surface of type 316with 0.9 yield strength in Sodium Chloride concentration of 3.5Wt% at room temperature (x1000)
ected on the third stage (1244 hours) of the
3.5wt% NaCl test despite of the 316 where cracks appeared and at the second stage (838 hours), they cracks occurred in all
specimens in 9.35wt% NaCl solution. Crack growth of the specimen 316 crack time to crack length on Fig. 2 & 3 showed 
that a longer time-to-failure was recorded in this test comparing to the other test data in 9.35wt% NaCl solution. This longer
failure time may be due to the following reasons:
As noted in Fig. II Stress Corrosion Cracking is highly sensitive to concentration of NaCl. The test conducted was
carried out at a NaCl lower than the concentration of the other test solution.
Different specimen configuration, surface preparation and other differences in test conditions may result in diffusion of 
data.
At the time of 1244 & 1678 hours, there were appearance of cracks on all specimens of 316 Austenitic Stainless Steels
on the notch surface area and were investigated by SEM as well in both NaCl solutions.
6. Conclusion
A Stress Corrosion Cracking constant load test method was used. Two different tests were conducted related to chloride
Stress Corrosion Cracking of 316 Austenitic Stainless Steels in 3.5wt% & 9.35wt% NaCl solution in a room temperature
environment. Though cracks were not produced during the first stage of the first experiment in 3.5wt% NaCl solution, this
"no crack" result is still consistent in regards to some literature and published data gathered. The outcome of this test series
does not mean that Stress Corrosion Cracking is immune in the test condition used; instead, it demonstrated the difficulty in
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conducting Stress Corrosion Cracking research as testing under constant conditions can provide simulation more closely 
aligned to the actual environment (sea water & salt-flat) encountered in practice while sufficient patience and time is 
required to gather crack data for analysis. Keeping in mind that environmental cracks are usually accompanied with a large 
degree of diffusion and variation in data, which calls for numerous specimens to be tested under the same condition to 
increase the certainties of the measurement attained, it only further confirms the obstacles that researchers see every day in 
dealing with Stress Corrosion Cracking in general. Reasons for not being able in short term to generate Stress Corrosion 
Cracking in constant load tests are summarized as following in point forms;  
 The use of low concentration test environment for the series of Stress Corrosion Cracking constant load tests probably 
require an incubation period that is longer than the experiment duration of two months. 
 Surface of specimen was smooth. Features such as stress notch do exist to encourage the generation of localized 
aggressive environment for Stress Corrosion Cracking to occur. 
 Machining of the specimens' gauge section may have resulted in compressive residual stress on the surface which 
suppresses the initiation of cracks. 
 Reaction of fixture material due to corrodant may have interfered Stress Corrosion Cracking process that was aimed in 
this experiment. 
 The potential at which the test was conducted may not have encouraged the occurrence of Stress Corrosion Cracking 
within the span of the test duration. The difficulties of detecting cracks may also due to the incubation period required 
being longer than the test period set for this test program. 
For Stress Corrosion Cracking constant load tests, helical springs and test chamber were specifically used and applied. 
Using of the equipment and test procedure were completed to resolve problems encountered during the tests. The equipment 
that was specifically selected which was verified to be capable of generating Stress Corrosion Cracking given a susceptible 
material-environment combination and an exposure time that is longer than the incubation time required for Stress 
Corrosion Cracking to initiate.  
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